This study employed a green, eco-friendly and convenient hydrothermal method for the synthesis of stable silver nanoparticles (Ag NPs) using neem (Azadirachta indica A Juss) fruit extract, which also acts as a reducing and capping agents. Since neem fruits has been found to have various medicinal applications, this fruit has been chosen in this paper to obtain Ag NPs. The Ag NPs were characterized by PXRD, UV-Vis diffuse reflectance spectra (DRS), FTIR, FESEM-EDAX, and HRTEM analysis. UV-Vis DRS spectra studies provided sufficient evidences for the formation of Ag NPs. The major role of functional groups present in the synthesis and stabilization of the NPs was obtained from FTIR studies. The PXRD and HRTEM investigations clearly demonstrated the crystalline nature of the NPs. From the HRTEM images, the Ag NPs were found to be spherical and of nearly uniform size with an average size of 13 nm. Further, Ag NPs were subjected to the agar disc diffusion antimicrobial assay (Mueller-Hinton Agar testing) against Gram-negative Escherichia coli (E. coli) and Gram-positive Staphylococcus aureus (S. aureus) bacteria. The test results showed the potent antibacterial activity of NPs for Gram-positive bacteria is higher than that the Gram-negative bacteria.
Introduction
Nanomaterials are a new class of materials with ultrafine particles having a size in the range of 1 -100 nm. Their small size determine all the properties (chemical, physical and biological) and changes in fundamental behaviors of both individually atoms/molecules and their corresponding bulk forms [1] . Colloidal noble metal nanoparticles like silver, gold and platinum are considered for be the important materials because they are widely used for human needs including soaps, shampoos, detergents, cosmetic products and industrial used to different colors depending on the size, shape, and the tendency of aggregation [2] . Among noble metal, Ag NPs have attained a special focus because they are widely used for many application such as optical device [3] , catalysis [4] , electrochemical analysis [5] , optical device [6] , photonics [7] , electronics [8] , information storage [9] , biosensing [10] , has widened its research scope. ᷈ Generally, Ag NPs can be synthesized by a number of approaches, i.e., physical, chemical and biological methods including electrochemical [11] , sonochemical [12] , thermal decomposition [13] , microwave assisted [14] , solvothermal [15] , photochemical reduction [16] , phytosynthesis [17] , and chemical reduction [18] . The above mentioned methods cannot avoid the use of toxic chemicals and solvents and also generate hazardous toxic wastes. Therefore, there is a growing need to develop ecofriendly processes to avoid the use of toxic and hazardous chemicals in their synthesis which is also known as "biological synthesis". Biological methods of nanoparticle synthesis using bacteria [19] , fungi [20] , and plants or plant extracts [21] have been suggested as possible eco-friendly alternatives to chemical and physical methods. Using plants for nanoparticle synthesis can be advantageous over other biological processes such as microbial route, because it requirement of specialized facilities, long time consumption, and biohazards production.
In current trend of research work, the researchers use natural plant materials based on their eco-friendly and inexpensive nature for the synthesis of metal nanoparticles. All parts of a plant including leaves, fruits, roots, seeds, and stems can be used for the synthesis of metal nanoparticles. On the other hand, plant materials contain chemical compounds like amino acids, proteins, polysaccharides, alkaloids, flavonoids and phenolic compounds etc., which act as reducing agents as well as stabilizing agents. Recently, green synthesis of Ag NPs have been reported using various herbs such as Alfalfa [22] , broths of Geranium [23] , Neem [24] , and Emblica officinalis fruit [25] , as well as Aloe vera leaves [26] , extracts of Chlorella vulgaris [27] , Coffee and Tea [28] , Camellia sinensis [29] , Azadirachta indica leaf [30] have been used to prepare Ag NPs.
According to Nair and Henry, Neem (Azadirachta indica A. Juss), a meliaceae family tree, is a hardy evergreen tree commonly found in all parts of India [31] . The Azadirachta indica A. Juss. plant contains for triterpenoids, steroid, flavonoids, nimbin, salannin and phenolic compounds [32, 33] . And also the plant leaf extracts higher the properties of NPs like antibacterial, antioxidant activity etc., [34, 35] . In this present work, we have synthesized Ag NPs using neem fruit extract as a reducing and stabilizing agent by green method and their physicochemical characteristics was evaluated. In order to verify the antimicrobial potential of obtained NPs was performed against Gram-negative E. coli and Gram-positive S. aureus. Silver nitrate (AgNO3) (99.99 %) was procured from Sigma Aldrich, Mumbai. Terephthalic acid (TA) and sodium hydroxide (NaOH) used in the present study were procured from SRL fine Chemicals Ltd. Mumbai, India. Deionized water has been used as the solvent throughout this experiment.
Experimental Methods

Materials
Preparation of Fruits Extract
The fruits of neem were initially washed several times with deionized water and dried for 2 h in the presence of sunlight. Then 50 g of fruits were taken in a 250 mL round bottom flask along with 100 mL of deionized water and kept under magnetic stirring for 24 hours at room temperature. Aqueous fruit solution obtained was then filtered to separate the extract from fruits and stored in the refrigerator for further use. 
Hydrothermal Preparation of Ag NPs
In a typical synthesis, 10 mL of aqueous fruit extract of neem was added to 90 mL of 1 mM aqueous AgNO3 solution. The mixture is then poured into a sealed teflon-lined autoclave of 100 mL capacity, which was heated and maintained at a temperature of 150 °C for reaction time of 3 h and then gradually cooled to room temperature. The Ag NPs were collected by centrifugation and washed with water for several times and then dried in a vacuum oven at 50 °C and used for further characterization and studies.
Instrumentation
UV-Vis diffuse reflectance spectra (UV-Vis DRS) Jasco V-770 was used for studying the spectral response of Ag NPs. Fourier-transform infrared spectroscopy (FTIR) results were acquired from Jasco 6300 spectrometer (ATR mode) in the range of 400 -4000 cm -1 . Field emission scanning electron microscopy (FESEM) images were recorded using an Ultra 55 Carl Zeiss instrument with an operating voltage of 10 kV. Samples for the FESEM analysis were mounted on a stub using a conductive carbon tape. High resolution transmission electron microscopy (HRTEM) and selected area electron diffraction (SAED) images were recorded using an FEI Technai G220 STEM instrument operated at an acceleration voltage of 200 kV. Powder X-ray Diffraction (PXRD) was carried out using X-ray diffractometer -CuKα radiation (Rigaku, Miniflex-600, Japan). The photoluminescence (PL) emission and excitation spectra were recorded on a Horiba Jobin Yvon model Fluoromax-4 Spectrophotometer.
Antibacterial Activity
The antibacterial activity of the Ag NPs was determined by the diffusion method against Gram-negative E. coli Gram-positive S. aureus on Mueller Hinton Agar, according to the Clinical and Laboratory Standards Institute (CLSI) [36] . The media plates (MHA) were streaked with bacteria 2-3 times by rotating the plate at 60° angles for each streak to ensure the homogeneous distribution of the inoculums. After inoculation, discs (6 mm Hi-Media) loaded with 75 μL/mL, of the test sample was placed on the bacteria-seeded well plates using micropipettes. The plates were then incubated at 37 °C for 24 h. The inhibition zone around the well was measured and recorded. Amoxicillin (Hi-Media) was used as the positive controls against S. aureus and E. coli bacteria respectively to compare the efficacy of the test samples.
Results and Discussion
Powder X-Ray Diffraction (PXRD)
The powder X-ray diffraction (PXRD) patterns of the synthesized Ag NPs were used to determine their crystalline phase and structure. The PXRD pattern (Fig. 1) showed four major peaks at 2 37.97, 44.12, 64.34, and 77.39° corresponding to the indices (111), (200), (220) and (311) are in good agreement with JCPDS 04-0783 which confirmed that the synthesized Ag NPs are crystalline nature with the fcc crystal structure [37] . The following Debye-Scherrer's equation was used to calculate the size of Ag NPs from XRD data at 37.97°. D= (0.9 )/ cos (1) where is the wavelength of X-ray used (0.15418 nm in the present case), is the full width in radiation at half-maximum of the peak, and is the Bragg angle of X-ray diffraction peak. The PXRD plane (111) was chosen to calculate the crystallite size for Ag NPs and the average particle size was found to be around 28 nm. 
Fourier Transform Infrared Spectroscopy (FTIR)
FTIR analysis was conducted to identify the possible functional groups or moieties in the plant extract responsible for the reduction of Ag ions and stabilization of the Ag NPs as shown in Fig. 2 . Two major FTIR bands were found in the spectra of Ag NPs one around 3350 cm -1 and another at 1635 cm -1 which correspond to O-H and N-H bond stretching and bending respectively [38, 39] . The functional groups like primary and secondary amines, triterpenoids, steroid, flavonoids, alkanes, alcohols, esters present in the leaves extract might be responsible for the reduction of Ag NPs from AgNO3 solution [40] . 
Field Emission Scanning Electron Microscopy -Energy Dispersive X-Rays (FESEM-EDAX)
Fig. 3a-c shows the FESEM image representing the surface morphology of synthesized Ag NPs. FESEM results show that Ag NPs are obtained as smaller spherical shape NPs with the particle size ranging from 12 nm to 33 nm. The EDAX pattern (Fig. 3d) showed the chemical compositions of NPs to contain silver (78.64 weights%), oxygen (4.80 weight%), carbon (11.05 weight%) and a weak nitrogen (5.51 weight%) peak. The oxygen, carbon and nitrogen signal might be due to the presence of biomolecules bound to the surface of the synthesized NPs. 
High Resolution -Transmission Electron Microscopy (HR-TEM)
The surface morphology and structural size of synthesized Ag NPs using Azadirachta indica A. Juss. fruit extract were analyzed using HRTEM images as shown in Fig. 4(a-e) . It can be clearly seen from the image that the Ag NPs were found to be spherical in shape with an average size of 13 nm. The Fig. 4 (e) lattice fringe width of 0.326 nm corresponds to (111) facets of the fcc crystal structure. Selected Area Electron Diffraction (SAED) pattern (Fig. 4f) showed ring-like pattern indicating the crystalline natural of Ag NPs.
UV-Visible Spectroscopy
Optical properties of Ag NPs were characterized using UV-Vis DRS spectrophotometer as shown in 
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Thermal Studies
To confirm that the plant extracts were conjugated to Ag NPs, TGA analysis on Ag NPs has been done as shown in Fig. 6 . An initial weight loss (─7%) of Ag NPs under 226 °C is likely to be removal of surface moisture and evaporation of adsorbed water [41] . The second stage at about 266 to 313 °C, there was a loss in weight of approximately (─12%) corresponding to the removal of chemisorbed water and the breakdown of the organic skeleton, respectively [35] . The organic skeleton of neem fruit extract decomposes completely at temperature 391 °C, which is indicated by a weight loss of 15% and we did not observe any weight loss at higher temperature beyond 391 °C indicating that the remaining residual weight of Ag NPs as 66% [2] . 
Zeta Sizer and Zeta Potential
The preliminary confirmation for the size distribution and polydispersity index of particles in a colloidal suspension of Ag NPs was carried out by dynamic light scattering (DLS) spectroscopy. Fig. 7a shows the result of DLS plot obtained, according to which average particle diameter is 34.9 nm and PDI was found to be 3.222 [42] .
Zeta potential has been suggested to play an important role in the stability of colloidal solution of Ag NPs. The Ag NPs gave a peak at−27.1mV, in which a negative value indicates a highly stable colloidal solution (Fig.  7b) . The negative zeta potential values implies that, the nanoparticle was capped by the fruit extract [43] . 
Antimicrobial Activities
Ag NPs are of specific interest as antibacterial agents, as they can be prepared with very high surface areas and crystalline morphologies with a high number of edges and corners, and other potentially reactive sites. The antibacterial effect of Ag NPs was evaluated against both Gramnegative and Gram-positive bacteria. Table 1 indicates that diameter of the zone of inhibition that could be observed for both Gram-negative E. coli and Gram-positive S. aureus bacteria, which changes depending upon the concentration of Ag NPs. As concentration increases from 30 to 50 μg the inhibition zone diameter also increases. Fig. 8 shows the images of the zone of inhibition. The antibacterial activity of NPs for Gram-positive bacteria is higher than that for Gram-negative bacteria which may be due to the structural differences in the cell walls of E. coli and S. aureus bacteria. Interestingly, an E. coli bacteria cell wall is composed of a thin lipoprotein layer and a single layer of peptidoglycan. The peptidoglycan is placed within the lipids and polysaccharides exhibiting a negative charge, which serves as a permeability barrier to the Ag NPs having a positive charge.
To understand the surface charge interactions of Ag NPs, the zeta potential was determined. The zeta potential value of -27.1 mV (Fig. 7b) showed that the NPs is positively charged. Generally, stable colloidal suspension has zeta potential values higher than +30 mV or lower than −30 mV. A permeability barrier interaction is possible between the NPs and E. coli bacteria surfaces thus resulting in less adsorption of bacterial cell on the surface of Ag NPs. On the other hand, the S. aureus bacteria cell wall is composed of a thick and multi peptidoglycan layer comprising of linear polysaccharide chains cross-linked by short peptides to form a three-dimensional rigid structure. This rigid layer, in turn, restricts the attachment or penetration of the Ag NPs to the cell wall. The electrostatic interaction of Ag NPs to the bacterial surface is very less. These repulsions are attributed to the positive potentials on NPs and bacterial surfaces, which not hinder the diffusion of Ag NPs into the cell. Thus resulting in good adsorption of the bacterial cells on the surface of Ag NPs [44] . In the present study, the antibacterial effects of the Ag NPs were mainly due to the combination of various factors such as ROS and the release of Ag + . In ROS studies, there are two common pathways for the cell death of cellular components: through a direct oxidation reaction by generated holes, and through oxidative radicals. The formation of hydroxyl radicals (OH • ) by the Ag NPs was further measured by the emission of photoluminescence (PL) technique using terephthalic acid (TA) as the probing molecule. TA reacts with the OH • radical resulting a highly fluorescent product of 2-hydroxyterephthalate that has the timedependent fluorescence emission peak at 461 nm with an excitation wavelength of 350 nm, as shown in Fig. 9 . With increases in PL intensity at around 461 nm with irradiation time is caused by chemical reactions of terephthalic acid with OH • formed at the Ag NPs /water interface. Using Ag NPs the generation of OH • radicals as well as antibacterial effects is improved. 
Conclusion
Ag NPs were successfully synthesized by a hydrothermal green method using neem fruit extract as a reducing and stablizing angens. The formation of Ag NPs was confirmed by the UV-Visible DRS absorption spectra, which showed a peaks at 431 nm. The PXRD result confirmed that the Ag NPs possessed crystalline nature with the fcc crystal structure. The HRTEM images showed that the Ag NPs were spherical in shape with an average size of 13 nm. The studied Ag NPs were an excellent antibacterial agents which was confirmed increasing zone of inhibition against Grampositive bacteria high activity compare to Gram-negative bacteria. 
